Abstract-In the deregulated power market the generator firms compete with each other to reach the maximum profit. And in this type of power market the investors encounter several uncertain parameters. Demand uncertainty is one of the main parameters can reduce the risk of investing when the planners consider in their planning. Stochastic programming has been represented in this article to solve the investment problem. This article proposed a model by considering the demand uncertainties. And also, other parameters including the financial restriction, forced outage rate (FOR), penalty for unserved demand has been considered. The variable decisions in this model include the total benefit of investor, expansion capacity at the beginning of each period, operation level for each generator. Sensitivity analysis for FOR and the penalty for unserved demand on the expansion planning confirm this model. Finally, the proposed framework has been implemented on the case study to approve this model.
I. INTRODUCTION
In past decades, the demand growth of electricity caused more economic challenges in several countries. So that, some countries changed in their structures and regulation to provide electricity during the past two decades. This restructuring, actuate the vertically integrated utility (VIU) to restructure power market [1, 2] . The economic problems are the most important factors in the restructured power market. In this competitive market each participant tries to maximize of their benefits by increasing their commodity quality and reduce their costs. This competition not only increases the customer's satisfaction, it is also developing the technology [3] .
The aims of the participants in competitive power markets are different from the objectives that described by the government in centralized decisions. Traditionally, the aims of GEP are to find the ideal technology, capacity, time, and the place of construction of power plants by considering the acceptable reliability to respond the demand and also considering the social welfare [4, 5] . While, maximize the benefits is the aim of the participants in the restructured power market [6] [7] [8] .
In the restructured power markets the GEP investigated by two visions. One by the view of the independent system operator (ISO) which is try to achieve the reliability of power system either in technical or electricity demand growth. The other one is under the investors or generators vision to maximize their profits. In this article the expansion planning will be investigated on the view of Generator Company (Genco). And also, Two years planning horizon has been considered to maximize the benefit of Genco by constructing new power plants under the demand uncertainties. The aims of different power markets have been indicated in the following figure. Several factors effect on the generation expansion planning (GEP). Each of them causes more risk in investment and can reduce the benefits of investors. Among them can be mentioned to the spot price of electricity market, availability of generators, variable cost and capital cost of each generators, financial limitation, and also electricity demand. The forecast of electrical demand is clearly one of the most important components of a generating system analysis. This factor is changed hourly, daily, and even monthly. The forecast usually must be for power (kW), energy (kWh) and load variation for time intervals within a year, such as a month or season, for the whole planning horizon. If a great deal of attempt is to be devoted to analyzing the alternative expansion possibilities, the demand forecast should also receive a significant effort. There are two types of uncertainty in demand forecasting. First, there is the uncertainty that results from the stochasticity of the load at any time because of weather conditions. This type of uncertainty is a major concern for the load dispatcher. The other type of uncertainty is related to determine the future demand. Underestimating future demand can create serious difficulties because service dates for new facilities can seldom be advanced appreciably. The result may be a generating system with low reliability and the inability to serve some portion of demand. Overestimating the demand is also undesirable because excess generating equipment imposes increased costs on the system. Service dates for new facilities under construction can be delayed if load growth has been overestimated, but such delays can be very expensive. Electricity demand is one of the uncertainty should be considered in GEP.These parameters have been considered in the proposed model in this article. Stochastic programming has been given to solve the investment problem. The parameters related to the future have been considered as uncertain parameters. These uncertainties it's related to the repeatable parameters. In which, can be modeled by probability distribution function such as the growth electricity demand. To apply this uncertainty for stochastic programming can use the occurrence probability of it. Demand uncertainty has been considered in the proposed model in scenario based according to the load duration curve (LDC). In the rest of this article the mathematical formulation of objective function and also the constraints has been given in section 3. In section 4 a numerical study has been investigated. And finally its results have been surveyed in section 5. Electric systems, as well as other utilities, require a careful planning of production resources. This planning, for the case of electricity has some peculiarities that complicate this kind of decisions. Mainly, it is an absolutely essential good which leads to significant regulator vigilance. Moreover, generation plants require big investments that spread over long time periods. Finally, demand randomly fluctuates and must be instantly and exactly supplied by generation while electricity cannot be easily stored. Because of the stochastic nature of power market the stochastic programming has been used for GEP on the view of private firm.
Nomenclature
The random parameter, i.e electricity demand, has been considered in this model. The proposed framework of GEP for a Genco has been depicted in figure 1.
Input parameters include the capital cost, variable cost, and the spot price have been indicated in block 1. Representation of demand uncertainty by the scenario based method in block 2 makes it possible for SP for solving the investment optimization problem revealed in block 4. The candidate generators for GEP have been given in block 3. And finally, the expansion strategy of investor, operation level, and total profit for each stage of SP has been indicated in block 4.
Figure1. The proposed framework for GEP
The probability for each scenario for electricity demand has been determined based on the load duration curve (LDC). The variation of demand for a period of time arrange from largest to the smallest value and then determine the probability of each scenario based on this arrangement. In this article consider four scenarios for each load level as has been indicated in Table IV .
III. MATHEMATICAL FORMULATION
The generation expansion planning is given in equation (1) to (6) . The objective function has been shown in (1) indicates the total benefit during the planning horizon. The objective function has 4 terms. The revenue of each Gencos has been shown in the first term. In the rest the costs of the investment, operation cost and unserve demand cost (the cost due the penalty that each Gencos should pay if they cannot respond to the demand) has been given in the second, third, and fourth terms respectively.
Equations (2)- (6) represent the constraints of this problem. The constraint 2 has been given because the capacity of each generator in each demand level is not responsible to satisfy the whole demand. This is an auxiliary constraint for the sake of clarity. The constraint 3 shows the boundary conditions of capacity can be constructed for each generator in each load level because of the financial constraint. Constraint 4 represents the operation level of each generator in each load level that is limited with availability of each generator. The constraint 5 limits the variables to the positive bound. And the 6 constraint represents that the limitation of operation level and the unserved demand each load level. 
In this article has been assumed that this is the initial planning for Genco and the revenue for the previous generations is equal zero. The model determines the maximum benefit of private firm by considering the availability, financial restriction, and also demands uncertainty.
III. CASE STUDY
The proposed model has been applied on the test system. The data has been gathered from [9] . Two types of generators have been considered as candidate in this study. Their features are indicated in Table (I) . The variable cost for each generator and each load level has been shown in Table ( growth in each year for both spot price and the demand. The distribution of demand has been represented in Table IV . The penalty for unserved demand for each load level has been indicated in Table III . Table 5 shows the expansion strategy of each generators, total profit with this expansion strategy, and the unserved demand that should be provided from other Gencos.
The effect of the variation of unserved demand penalty on the total profit of Genco has been illustrated in figure 2. It shows this facts that by increasing the unserved demand penalty the profit decreases and around 38 the profit of generators come to zero and should trip in this situation. The effect of different technologies as candidates in this expansion planning with different FOR has been studied in this article. Figure 3 shows the effect of different technologies with various FOR on the Genco's profit. generation expansion planning (GEP) is one of the most important decision-marking activities in electric utilities. In this article the uncertainty of demand has been modeled in GEP. And also the other parameters include the financial restriction, FOR, penalty for unserved demand has been considered. The variable decisions in this model include the total benefit of investor, expansion capacity at the beginning of each period, operation level for each generator. Sensitivity analysis for FOR and the penalty for unserved demand on the expansion planning confirm this model. A simple case study has been presented to show one of the possible applications of a model including the above improvements. This case study analyses the influence of the demand uncertainties, financial limitation, availability of generators and also the unserved demand penalty in the power market. Finally, the proposed framework appears to be suitable tools for analyzing the effect of demand growth and other parameters on expansion planning.
